Most liverworts elaborate characteristic odiferous, pungent and bitter tasting compounds many of which show antimicrobial, antifungal, antiviral, allergenic contact dermatitis, cytotoxic, insecticidal, anti-HIV, superoxide anion radical release, plant growth regulatory, neurotrophic, NO production inhibitory, muscle relaxant, antiobesity, piscicidal and nematocidal activities. Several inedible mushrooms produce female spider pheromones, strong antioxidant, and cytotoxic compounds. The present paper is concerned with the extraction and isolation of terpenoids from some bryophytes and inedible fungi and their pungent and bitter taste, and cytotoxic and antiviral activity.
Introduction
Bryophytes are found everywhere in the world except in the sea. They grow on wet soil or rock, the trunk of trees, in lakes, rivers and even in the Antarctic. The bryophytes are placed taxonomically between algae and pteridophytes; there are approximately 24,000 species in the world. They are further divided into three phyla, Bryophyta (mosses 14,000 species), Marchantiophyta (liverworts 6,000) and Anthocerotophyta (hornworts 300 species). Although they are considered to be the oldest terrestrial plants, no strong scientific evidence for this has appeared in the literature. This hypothesis is mainly based on the resemblance of the present-day liverworts to the first land plant fossils, the spores of which date back almost 500 million years. Among the bryophytes almost all liverworts possess beautiful cellular oil bodies which are peculiar membrane-bound cell organelles that consist of ethereal terpenoids and aromatic oils suspended in a carbohydrate-or protein-rich matrix, while the other two phyla do not. These oil bodies are a very important biological marker for the taxonomy of the Marchantiophyta [1] [2] [3] [4] [5] [6] [7] [8] . Phytochemistry of bryophytes was neglected for a long time because they are morphologically very small, difficult to collect in large amounts as a pure sample, and their identification is also very difficult, even under the microscope. They are considered to be nutritionally useless to humans. In fact, no reference concerning the use of bryophytes as food for humans has been seen. However, a number of bryophytes have been widely used as medicinal plants in China, to cure snake bite, burns, bruises, external wounds, pulmonary tuberculosis, neurasthenia, fractures, convulsions, scald, uropathy, and pneumonia, among others [9] [10] [11] . Several hundred new compounds have been reported from bryophytes, including more than 40 new skeletal terpenoids, aromatic compounds and acetogenins, and the biological activity of some have been recorded [1] [2] [3] [4] [5] [6] [7] [8] [12] [13] [14] [15] [16] .
Generally, bryophytes are not damaged by bacteria and fungi, insect larvae and adults, snails, slugs and small mammals. Many species of liverworts show characteristic fragrant odors and an intense pungent, sweet or bitter taste. Furthermore, some liverworts cause intense allergenic contact dermatitis and allelopathy. Although liverworts possess such biologically interesting substances, their isolation and structural elucidation were neglected for almost a century.
There are about 1500 identified fungi in Japan, among which 300 species are edible, 1150 inedible and 50 toxic. The chemical constituents of the toxic and edible fungi have been fully studied. Recently, many biologically interesting compounds were isolated from inedible mushrooms and their structures and biological activity reported [17, 18] . This paper concerns the isolation of terpenoids form some liverworts and inedible mushrooms, and their pungency and bitterness, as well as cytotoxic and antiviral activity.
Extraction, detection and/or isolation of terpenoids from liverworts and inedible mushrooms and their structure elucidation
The liverworts collected in rivers, lakes, ponds, and mountain areas were extracted with either n-hexane or diethyl ether using ultrasonic apparatus in order to obtain lipophilic substances from the oil bodies of each species. Methanol was used to obtain hydrophobic terpenoids using the same apparatus [19] .
Part of each crude extract was checked by TLC using nhexane/ethyl acetate (4:1 or 1:1) as the development solvent in order to determine the presence of major components and constituent patterns. GC/MS was also used to detect volatile terpenoids and aromatic compounds. The remaining crude extract was chromatographed on silica gel and/or Sephadex LH 20 using a n-hexane/ethyl acetate gradient (for silica gel column), and either methanol or a methanol/dichloromethane gradient (for Sephadex). Each fraction was further purified by prep. TLC, GC and HPLC, and the absolute structures were elucidated by a combination of UV, IR, MS (EI and HRMS), NMR, including two dimensional methods, CD and X-ray crystallographic analysis, and sign and value of specific optical rotation. The inedible mushrooms grown on the trunks of pine trees and other deciduous plants were collected in Tokushima, Japan, powdered and then treated by the same methods as described above [18] .
The most characteristic chemical phenomenon of liverworts is that most of the sesqui-and di-terpenoids are enantiomers of those found in higher plants, although there are a few exceptions, such as germacrane-and guaiane-type sesquiterpenoids. It is very noteworthy that different species of the same genus, like Frullania tamarisci and F. dilatata (Frullaniaceae) each produces different sesquiterpene lactone enantiomers (1, 2) . Some liverworts, such as Lepidozia species (Lepidoziaceae), biosynthesize both enantiomers. Flavonoids, fatty acids and phytosterols, such as campe-, stigmaand sitosterols, -tocopherol and squalene are ubiquitous components of liverworts.
The presence of hydrophobic terpenoids is very rare in liverworts and mosses. A few bitter kaurene glycosides (see later) have been found in Jungermannia species. However, a number of flavonoid glycosides have been detected in mosses [2] [3] [4] .
However, the presence of nitrogen or sulfur or nitrogen and sulfur containing compounds in liverworts is very rare. Recently several nitrogen-sulfur containing compounds (3-6) have been isolated from the Mediterranean liverwort, Corsinia coriandrina (Corsiniaceae: Marchantiales) [20] , two prenyl indole derivatives (7, 8) from Riccardia species (Aneuraceae) [3] , skatole (9) from Asterella or Mannia (Aytoniaceae) [3] and the Tahitian Cyathodium foetidissimum (Cyathodiaceae) [8] , and benzyl-(10, 11) and βphenethyl β-methylthioacrylates (12) from the Isotachidaceae [3] .
The characteristic components of mosses are highly unsaturated fatty acids and alkanones, such as 5,8,11,14,17-eicosapentaenoic acid, 7,10,13,16,19-docosapentaenoic acid and 10,13,16nonadecatrien-7-yn-2-one and triterpenoids. The neolignan is one of the most important chemical markers of hornworts [3] .
Biologically active compounds from bryophytes:
The biological characteristics of the terpenoids and aromatic compounds isolated from the liverworts in our laboratory are: 1) allergenic contact dermatitis, 2) cytotoxic, 3) antiviral, 4) antimicrobial, 5) antifungal, 6) insect antifeedant and mortality, 7) piscicidal, 8) nematocidal, 9) superoxide anion radical release inhibitory, 10) muscle relaxant and calcium inhibitory, 11) 5-lipoxygenase, calmodulin, hyaluronidase, cyclooxygenase, DNA polymerase and -glucosidase inhibitory, 12) antioxidant, 13) neurotrophic, 14) cardiotonic and vasopressin antagonist, 15) liver X-receptor (LXR) agonist and LXR  antagonist, 16) cathepsins B and L inhibitory, antithrombin, 17) farnesoid X-receptor (FXR) activation, 18) nitric oxide production inhibitory, 19) plant growth inhibitory, 20) tublin polymerization inhibitory, and 21), antiplatelet, and brine shrimp lethal activity [2] [3] [4] . Some liverworts produce the same female sex pheromones as those found in several brown algae [4] .
Pungent and bitter terpenoids from bryophytes:
Some genera of liverworts show not only a characteristic odor but also pungency and bitterness which exhibit different interesting biological activity.
Porella vernicosa complex, the French P. arboris-vitae, Portuguese P. canariensis, Japanese P. fauriei, P. gracillima, P. obtusata subsp. macroloba, and P. vernicosa, and American P. roellii produce a large amount of polygodial (13) , which is responsible for the potent pungency of these species [1] [2] [3] [4] . The crude extract of P. vernicosa is composed of 30% polygodial. Cell suspension cultured P. vernicosa produces polygodial as its major component. Polygodial shows cytotoxic, piscicidal, antimicrobial, antifungal, insect antifeedant and plant growth inhibitory activity [1] [2] [3] [4] .
Pallavicinia levieri, Pellia endiviifolia, Riccardia lobata var. yakushimensis, and Trichocoleopsis sacculata produce persistent pungency, which is due to the diterpene dialdehyde named sacculatal (14) [2] [3] [4] . Further fractionation of the crude extract of the field collected and cell suspension cultured P. endiviifolia resulted in the isolation of sacculatal (14) from both materials [22, 23] and 1-hydroxysacculatal (15) from the latter one [22] . The crude extract of cell suspension cultured P. neesiana also contains pungent sacculatal (14) [23] .
There are more than 1000 species of Plagiochila, which are briefly classified into two groups, pungent and tasteless [3, 4] . P. fruticosa, P. hattoriana, P. ovalifolia, P. pulcherrima, P. semidecurrens, P. yokogurensis and more than 30 other Plagiochila species are classified in the former group. All of these species produce strongly pungent 2,3-secoaromadendrane-type sesquiterpene hemiacetals, such as plagiochiline A (16) , and plagiochiline I (17) . Two artifacts (18, 19) formed from plagiochiline A (16) during extraction with methanol of P. yokogurensis indicate the same pungency as that of plagiochiline A and I [3, 4] . Polygodial and sacculatal exhibit a strong hot taste immediately when the gametophytes in which they are found are chewed, however, the hot taste of 2,3secoaromadendranes (16, 17) comes about 1 to 3 min. after chewing Plagiochila species, indicating that some enzymatic reaction might be involved with saliva. In fact, treatment of plagiochiline A (16) with either human saliva or with amylase in phosphate buffer, as shown in Fig. 1 , resulted in the formation of two 2,3secoaromadendrane aldehydes, plagiochilal B (20) , which has been isolated from P. fruticosa, and furanoplagiochilal (21), reported for P. yokogurensis and three other Plagiochila species [24] . The former dialdehyde (20) possesses a strong hot taste, which implies that the intense pungency is not due to plagiochiline itself, but to plagiochilal B (20) , the partial structure of which resembles that of the pungent polygodial (13) and sacculatal (14) . 
Some sesquiterpene lactones from liverworts possess a hot taste.
Wiesnerella denudata is a pungent thalloid liverwort. Fractionation of the diethyl ether extract resulted in the isolation of the germacranolide, tulipinolide (22) corresponding to the hot-taste of the gametophyte of this liverwort [25] .
The stem-leafy liverwort Chiloscyphus polyanthos produces pungent substances which are due to a mixture of eudesmanolides, ent-diplophyllolide (23) and its double bond isomer, entdiplophyllin (24), ent-3-oxodiplophyllin (25) , and 7-hydroxy-entdiplophyllolide (26) [26] . Diplophyllum albicans also shows pungency, which is due to the same eudesmanolides (23, 24) found in C. polyanthos [26] . Porella acutifolia subsp. tosana is also very pungent. This hot taste is ascribing to the presence of hydroperoxygermacranolides (27, 28) [27] .
A number of stem-leafy liverworts are very bitter, especially, those belonging to the Jungermanniaceae, Lophoziaceae, and Scapaniaceae families. Gymnocolea inflata, belonging to the Lophoziaceae, is amazingly bitter and induces vomiting when a few gametophyte fragments are chewed for a few seconds. This bitterness continues for 8 hours. This taste is due to the presence of the cis-furanoclerodane diterpene, gymnocolin A (29) [28] .
The bitter tastes of Anastrepta orcadensis, Barbilophozia lycopodioides and Scapania undulata are due to anastreptin (30) [29, 30] , barbilycopodin (31) [29] and scapanin A (32), respectively [31] . Jamesoniella autumnalis also has an incredibly strong bitter taste which might be due to the presence of various furanoclerodane diterpenoids such as 33-35. [32] [33] .
Jungermannia infusca also has a surprisingly intense, bitter taste, which continues for up to 8 hours after chewing a few fragments of its gametophytes. This bitterness is due to the presence of kaurene type diterpene glucosides, infuscasides A-E (36-40); however, the corresponding aglycones are tasteless [34] . Many Plagiochila species contain cytotoxic plagiochiline A (16) (0.28 g/mL against KB cell) [12] . The diethyl ether extract of P. ovalifolia showed inhibitory activity against P-388 murine leukemia cells, and its constituents, plagiochiline A (16), plagiochiline A-15yl octanoate (43) , and 14-hydroxyplagiochiline A-15-yl (2E,4E)dodecadienoate (44) exhibited IC 50 values of 3.0, 0.05, and 0.05 g/mL, respectively [37] . Compound 43 and plagiochiline A-15-yl decanoate (45) from P. ovalifolia, polygodial (13) from P. vernicosa complex, as well as sacculatal (14) from P. endiviifolia showed cytotoxic activity against a human melanoma cell line (IC 50 value range 2-4g/mL). Compound 14 was cytotoxic also for Lu1 (IC 50 5.7 g/mL), KB (3.2), LNCaP (7.6), and ZR-75-1 cells (7.6) (Cordell, Pezzuto, Asakawa, unpublished results). Lepidozenolide (46) from Lepidozia fauriana and L. vitrea showed potent cytotoxicity when evaluated against the P-388 murine leukemia cell line (IC 50 2.1 g/mL) [38] .
2,5-Dihydroxybornane-2-cinnamate (47) from Conocephalum conicum exhibited cytotoxic activity against human HepG2 cells, with an IC 50 value of 4.5 g/mL [39] .
Chandonanthus hirtellus produced a new sesquiterpene lactone, chandolide (48) [40] , a cembrane diterpene, 13,18,20-tri-epichandonanthone (49) [41] and a fusicoccane diterpene, anadensin (50) , which were evaluated for cytotoxic activity against the HL-60 leukemia cell line, and exhibited IC 50 values, in turn, of 5.3, 18.1, and 17.0 g/mL. 6-Methoxyfusicoauritone (51), isolated from the same liverwort, showed some cytotoxicity against KB cells (IC 50 11.2 g/mL), although compounds 49 and 50 were inactive [40, 42] . (52) from Chilosyphus rivularis, was tested against the RS322, RS188N, and RS321 yeast strains. It showed IC 12 values of 75 and 88 g/mL for strains RS321 and RS322. These data are characteristic of a selective DNA-damaging agent that does not act as a topoisomerase I or II inhibitor. Compound 52 also showed cytotoxic activity against lung carcinoma A-549 cells (IC 50 value 2.0 g/mL) [43] .
13-Hydroxychiloscyphone
(-)-ent-Arbusculin B (53) and (-)-ent-costunolide (54) from Hepatostolonophora paucistipula showed cytotoxic activity against P388 murine leukemia cells, with IC 50 values of 1.1 and 0.7 g/mL [44] . Costunolide (55) isolated from Frullania nisqualensis showed growth inhibitory activity against the A-549 human lung carcinoma cell line with an IC 50 value of 12 g/mL and moderate, but selective, DNA-damaging activity against the RS321N, RS322YK, and RS167K mutant yeast strains, with IC 12 values of 50, 150, and 330 g/mL [45] . Naviculyl caffeate (56) , from Bazzania novaezelandiae, demonstrated growth inhibitory effects against P-388 murine leukemia cells with a GI 50 value of 0.8-1.1 g/mL, although naviculol (57) was inactive [46] . Riccardiphenol C (58), from Riccardia crassa showed slight cytotoxicity against BSC-1 (African green monkey kidney epithelial) cells at 60 g/mL [47] . (63) and diacetoxy derivatives (64) of herbertane-1,2diol (33) showed less potent cytotoxicity than the parent compound against both HL 60 and KB cells. However, (-)-diplophyllin (24) showed no activity against either of these cell lines [48] . Glaucescenolide (65) from Schistochila glaucescens showed cytotoxic activity against P-388 mouse leukemia cells (IC 50 2.3g/mL) [49] . ent-1-Hydroxykauran-12-one (66), isolated from Paraschistochila pinnatifolia, and 1-hydroxy-ent-sandaracopimara-8(14),15-diene (67) from Trichocolea mollissima, showed IC 50 values of 15 and >25 g/mL, when evaluated against this same cell line [50] . The ethanol-soluble extract of Lepidolaena taylorii, which showed cytotoxicity against the P-388 cell line, (IC 50 1.3 g/mL), was purified to give the 8,9-secokaurane diterpenoids, rabdoumbrosanin (68), 16,17-dihydrorabdoumbrosanin (69), 8,14-epoxyrabdoumbrosanin (70), their related compounds 71-74, and the ent-kaur-16-en-15-ones (75-79). In turn, L. palpebrifolia also elaborated the 8,9secokauranes (68, 70) . The cytotoxicity of these ent-8,9-seco and ent-kaurenes was tested against the mouse P-388 leukemia and several human tumor cell lines, inclusive of six leukemia and a range of organ-specific cancer cell lines. Compounds 68 and 70 showed the most potent cytotoxic activities (mean IC 50 values of 0.006 and 0.27g/mL; GI 50 values of 0.10 and 1.2 M, respectively). Compound 70 also showed cytotoxicity against the P-388 cell at 0.80 M. Compounds 68 (including 10% of 69) and 70 showed differential cytotoxicity in vitro when tested against five further leukemia cell lines, with 67 showing an average IC 50 value of 0.4 M; however, cell growth was not inhibited by 70 (IC 50 >50 M). The growth of seven colon cancer cell lines was inhibited also by 68 (mean IC 50 value, 6 M) [51, 52] . Compounds 68 and 70 were tested in an in vivo hollow fiber model system, in which neither compound was active at the doses tested (18 and 12 mg/kg for 68 and 150 and 100 mg/kg for 70). [51, 52] . (80) and (81) from the New Zealand Jungermannia species showed weak cytotoxic activity against P-388 at 0.48 and 25 g/mL, respectively [53] .
2-Methoxy

ent-Kaurene
The ent-kauranes and kaurenes (80, 81-84) isolated from Jungermannia species inhibited HL-60 cells with IC 50 values, in turn, of 0.49, 7.0, 0.59, and 0.28 M. Treatment with 80 and 81-84 caused proteolysis of poly(ADP-ribose) polymerase, a sign of activation of the apoptotic machinery, whereas the feature of cell death induced by treatment with compounds 82 and 83 was necrosis. Treatment with compoundinduced apoptosis (see below)The ent-kaurane diterpenoids 85-89 from a Jungermannia species showed cytotoxicity for HL-60 cells (IC 50 values of 1.00, 0.40, 1.21, 1.28, and 0.78 M, respectively) [55] . ent-Kaurenes 80, 90-95, isolated from the Japanese liverwort Jungermannia truncata, were evaluated for cytotoxicity against HL-60 human leukemia cells. Of these, ent-11-hydroxy-16-kauren-15one (80) induced apoptosis (programmed cell death) in this cell line partly through a caspase-8 dependent pathway [53, 56] . The presence of an enone group in this class of molecule appears to be essential for the induction of apoptosis and the activation of caspases in human leukemia cell lines [54, 57] . ent-Kaurenes 76, 80, 94 and ent-9(11), 16-kauradien-12,15-dione (83) , and the rearranged ent-kaurene, jungermannenone A (84), selectively inhibited nuclear factor-B (NF-B)-dependent gene expression due to treatment with TNF-. Compound 80, in combination with TNF-, caused a dramatic increase in apoptosis in human leukemia cells accompanied by activation of caspases. Compound 80, when combined with camptothecin, also caused an increase in apoptosis [58, 59] . Jungermanenones A-D (84-89), from Jungermannia species, induced cytotoxicity against human leukemia HL-60 cells at 50% inhibitory concentrations of 1.3, 5.5, 7.8, and 2.7 M, respectively, and DNA fragmentation and nuclear condensation. Both are biochemical markers of apoptosis induction, and apoptosis was induced through a caspase-independent pathway. Compounds 84 and 89 showed inhibitory activity for NF-B, which is a transcriptional factor of antiapoptotic factors. Thus, ent-kaurene diterpenoids from liverworts may be promising candidates as antitumor agents [60, 61] .
Conocephalum conicum, belonging to chemo-type II, produces a large amount of bornyl acetate (96) [2] [3] [4] . This monoterpene ester demonstrates potent apoptosis-inducing activities against cultured cells of Marchantia polymorpha. Apoptosis induced by monoterpenoids occurs via the production of active oxygen species such as H 2 O 2 [62] .
Triterpenoids in liverworts are rare. The ursane triterpenoids from Ptilidium pulcherrimum, ursolic acid (97), acetoxyursolic acid (98), and 2a,3-dihydroxyurs-12-en-28-oic acid (99) showed inhibition of the growth of PC3 human prostate cancer cells, at concentrations between 10.1±1.00 and 39.7±2.98 M [63] .
The two pimarane diterpenoids momilactones A (100) and B (101), which were identified as phytoalexins in rice, have been isolated from the moss Hypnum plumaeforme (Hypnaceae) [64] . Momilactone B (101) was shown to have cytotoxicity against human colon cancer HT-29 and SW620 cells at 1M [65] .
Marsupellone (102) and acetoxymarsupellone (103) from Marsupella emarginata showed cytotoxicity (ID 50 1 g/mL) against P388 cells [10] . Clavigerins A-D (104-107), isolated from the New Zealand Lepidolaena clavigera, showed a weak cytotoxicity (30 g/disk) against BSC cells [66] .
A new atisane-2 derivative (108) from Lepidolaena clavigera exhibited weak inhibitory activity against mouse lymphocytic leukemia cells (P-388) with an IC 50 value of 16 g/mL [67] . -Zeorin (109) has been isolated from several liverworts and displayed cytotoxic activity against P-388 cells with an IC 50 of 1.1 g/mL [68, 69] . Porella perrottetiana produced cytotoxic compounds against both HL-60 and KB cell lines [70] .
Bioactivity guided fractionation of the diethyl ether extract of P. perrottetiana gave 4,5-epoxy-8-epi-inunolide (110), 7-keto-8carbomethoxypinguisenol (111) and perrottetianal A (112). The first two compounds exhibited moderate or weak cytotoxicity against HL-60 (IC 50 8.5 and 2.7 M) and KB cells (IC 50 52.4 and 46.3 M). 7-Hydroxy-8-carbomethoxypinguisenol (113a) and acutifolone A (113b) prepared from 113 by reduction and dehydration, as shown in Figure 2 , were evaluated against HL-60 (IC 50 83.1 and >177 M) and KB cells (IC 50 2.7 and 46.6 M). It was suggested that the dienone group in the molecule plays an important role in the mediation of cytotoxicity against HL-60 cells [70] . A mixture of sesquiterpene/bis-bibenzyl dimers, GBB A (114) and GBB B (115) from Schistochila glaucescens showed growth inhibitory activity against the P-388 cell line, with an IC 50 value of 10.3 g/mL [49] .
Trichocolea lanata and T. tomentella produced tomentellin (116), which showed inhibitory activity against African green monkey kidney epithelial (BSC-1) cells at 15 g/mL, with no effects against either herpes simplex or polio viruses. Demethoxytomentellin (117) from T. tomentella showed a similar cell growth inhibitory effect, indicating that both an allylic ether and a conjugated enone substructure are required for such activity [71] . Methyl-4-[(2E)-3,7dimethyl-2,6-octadienyl]oxy]3-hydroxybenzoate (118), isolated from T. hatcheri, showed a lack of cytotoxicity (IC 50 >100 M) against both KB and SK-MEL-3 human melanoma cells, as well as NIT 3T3 fibroblasts [72] .
Bioactive compounds from a few inedible fungi
The biological properties of the terpenoids and aromatic compounds and acetogenins isolated from inedible fungi in our laboratory are: 1) cytotoxic, 2) anti-HIV-1, 3) anti-HSV, 4) antimicrobial and antifungal, 5) antitumor promotion, 6) insecticidal, 7) nematocidal, 8) antifeedant against snail and slug, 9) plant growth inhibitory, 10) anti-Alzheimer's disease, 11) superoxide anion release inhibitory, 12) anticholestemic activity, and 13) female spider sex pheromone production [17, 18] .
Bitter and cytotoxic compounds from Cryptoporus volvatus:
The fungus Cryptoporus volvatus, family Polyporaceae, grows on decayed pine trees and its fruiting body emits a resinous smell by which insects such as Parabolitophagus felix and Ischnodactylus loripes are attracted. The wet and dried fruiting bodies contain surprisingly strong bitter principles. Because of such bitterness, its powder has been used for delectation of infants in China [73] . 3.8 >20 >20 >20 >20 >20 >20 >20
3.4 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 >20 15.7 >20 >20 >20 >20 >20 >20 >20 12.2 >20 >20 12.9 13.0 14.5 >20 >20 >20 >20 >20 a : +VLB = presence of vinblastine; b : -VLB = absence of vinblastine. [18] . The bitter drimanes with an isocitric acid moiety showed cytotoxicity against KB, Lui, LNCaP and ZR-75-1 cancer cell lines, as shown in Table 1 . The cytotoxicity of the permethylated CPA series is more potent than that of their naturally occurring CPAs [Asakawa & Hashimoto, unpublished results].
The same CPA series (119-124) showed inhibitory effects at concentrations of >50, >50, 40, >50, >50, >50 and >50 g/mL against lysosome enzyme release from rat peritoneal neutrophil cells stimulated by FMLP (10 -6 M) and cytochalasin B (5 g/ml) [18] .
Antiviral compounds from Cryptoporus volvatus and Albatrellus dispansus:
The cryptoporic acids isolated from C. volvatus showed not only cytotoxicity against cancer cell lines but also inhibitory activity against HIV 1 RT (p66), as shown in Tables 1 and 2, among which two permethylated products, cryptoporic acid B (120) trimethyl ether and cryptoporic acid E (122) pentamethyl ether showed the highest HIV-1 inhibitory activity [Hashimoto & Asakawa, unpublished results]. Kashiwada et al. [74] reported that Rhododendron dauriaum contained (-)-daurichromenic acid (129), which showed potent anti-HIV activity, as shown in Table 3 . The inedible fungus Albatrellus dispansus produces a large amount of grifolic acid (126), along with grifolic acid methyl ether (127) and grifolin (128). Acidic treatment of 126 gave racemate daurichromenic acids, which were purified by HPLC using a chiral column to give natural (-)-daurichromenic acid (129) in good yield [Hashimoto & Asakawa, unpublished results].
Conclusion
The bryophytes and inedible fungi are widely distributed. They are generally very tiny organisms, but produce a great number of structurally complex secondary metabolites, including pungent and bitter terpenoids, polyphenolic and nitrogen containing compounds, many of which show interesting biological activity, such as cytotoxicity, and antiviral activity. Only 5% of the total bryophytes have been chemically investigated. Further search of the secondary metabolites of bryophytes and inedible fungi will result in the discovery of many different compounds of biological and pharmaceutical interest.
